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Objective: Investigation of whether tracheostomy placement in infants requiring high ventilator 
pressure is safe and effective.  
Study Design: Case series with chart review 
Setting: Tertiary children's hospital 
Methods: Fifty ventilator-dependent neonatal intensive care unit patients who underwent 
tracheotomy from 2009 –2018 were included. Patients requiring high ventilator pressures were 
compared to those requiring low ventilator pressures. Demographics, comorbidities, surgical and 
clinical data were recorded. 
Results: Thirty-two percent (n=16) had low ventilator settings at the time of tracheostomy tube 
placement, and 68% (n=34) had high ventilator settings. The median peak inspiratory pressure of 
the high ventilator group was 29.5 cm H2O, positive end-expiratory pressure (PEEP) was 8 cm 
H2O, mean airway pressure was 13 cm H2O, pressure support (PS) was 14 cm H2O, PS above 
PEEP was 6 cm H2O, and inspiratory time was 0.65 seconds. The high ventilator cohort had a 
higher median age at the time of surgery compared to the low ventilator group (p = 0.02). Female 
patients were more likely to have high ventilator settings (p = 0.02). There were no 
intraoperative complications or deaths within the first 7 days of tracheostomy tube placement. 
Pneumonia incidence and rate of mortality during admission did not vary by ventilator settings (p 
= 0.92, p = 0.94, respectively).  
Conclusion: Few differences in tracheostomy tube placement outcomes were observed for 
patients with high ventilator settings compared to low ventilator settings. This data demonstrates 
that patients requiring high ventilator pressures can benefit from tracheostomy tube placement 
with no additional short-term risks.  
Introduction 
Prematurity is one of the most common complications of pregnancy, and rates have remained 
high in the United States despite decades of preventative efforts.1 Most prematurely born infants 
will survive without significant impairment, however rates of morbidity and mortality increase 
markedly with decreasing gestational age. Bronchopulmonary dysplasia (BPD) is the most 
common complication of prematurity, affecting around 20% of very low birthweight (VLBW, 
less than 1500g) infants.2 A fraction of these infants require prolonged mechanical ventilation to 
survive, however this predisposes them to a markedly increased risk for cognitive development 
delays and airway stenosis.3   
 
To help prevent these complications, tracheostomies are often performed when there is a need 
for long term ventilation. Although there is relatively little evidence in the literature to guide 
care, placement of a tracheostomy tube (TT) is thought to allow for improved chronic disease 
management, nutrition, growth, comfort, and opportunity for vocalization with speaking valve 
use.3,4 Additionally, TT placement is thought to improve work of breathing and decrease length 
of hospital stay, need for sedation, and systemic corticosteroid exposure.3,5  
 
Rates of TT placement are highly variable across centers suggesting that there may be perceived 
barriers to performing a tracheostomy.6 One potential barrier is the perception that infants 
requiring higher ventilator pressures are not suitable candidates for TT placement. Our 
comprehensive center for BPD (CCBPD) is a standalone, referral-based unit devoted to the care 
of infants with BPD and thus has substantial experience placing TTs in infants with the most 
severe forms of BPD. The goal of our study is to investigate whether tracheostomy placement in 
infants requiring high ventilator pressure is safe and effective by evaluating short-term outcomes 
within 7 days after TT placement. 
 
Methods: 
We conducted a case series with chart review at a large academic tertiary pediatric hospital from 
2009 to 2018. Ventilator-dependent neonatal intensive care unit (NICU) patients less than 1 year 
old chronologically at time of trach placement were included in the study. Patients who were not 
located in the neonatal ICU, did not receive tracheostomy, or greater than one year old 
chronologically were excluded from the study. Medical records were reviewed for demographic 
information,  gestational age, age at time of TT placement, and concurrent procedures. Pre-
operative diagnoses such as pneumonia and comorbidities were also recorded. This study was 
approved by the Nationwide Children’s Hospital Institutional Review Board.  
 
High ventilator pressure was the primary independent variable of interest, and was defined as 
having one of the following at the time of TT placement: peak inspiratory pressure (PIP) greater 
than 25 cm H2O, positive end-expiratory pressure (PEEP) greater than 6 cm H2O, or mean 
airway pressure (MAP) greater than 10 cm H2O. There is no literature available to our 
knowledge that describes average ventilator settings for infants in the NICU. Thus, we examined 
articles describing ventilator settings at the time of extubation attempt, and noted ranges of PIP 
of 13-24 cm H2O, PEEP of 4-6 cm H2O, and MAP of 5-8 cm H2O.7,8,9  Based on these data and 
consensus within our group of Neonatologists, we determined that PIP greater than 25 cm H2O, 
PEEP greater than 6 cm H2O, or mean airway pressure greater than 10 cm H2O were “high 
ventilator settings.” Among those with high settings, we performed sensitivity analyses for 
patients with a PIP, PEEP or MAP above the 80th percentile and arbitrarily defined those above 
this cutoff as “extremely high.” Patients requiring extremely high ventilator pressure had at least 
one of the following measurements: PIP greater than 37 cm H2O, PEEP greater than 8 cm H2O 
and MAP greater than 15.5 cm H2O.  
 
Short-term outcomes of tracheostomy tube placement were evaluated for children with low 
versus high ventilator pressures.  Short-term outcomes included intraoperative complications, 
pneumonia incidence, and in-hospital mortality within 7 days after TT placement. Changes in 
ventilator settings before the tracheotomy to one week after the tracheotomy were also recorded.  
 
To describe continuous variables, medians and interquartile ranges are presented, and 
proportions describe categorical variables. Differences in categorical variables were evaluated 
with chi-squared tests, and differences in continuous variables were evaluated with t-tests and 
Wilcoxon-Mann-Whitney tests. Analyses were conducted in SAS Enterprise Version 8.1 and 
statistical significance was evaluated at the 0.05 alpha level. 
 
Results 
Fifty ventilator-dependent NICU patients under 1 year underwent tracheostomy tube placement 
between 2009-2018. Thirty-two percent (n=16) of these infants had low ventilator settings at the 
time of TT placement, and 68% (n=34) had high ventilator settings (Table 1). The most common 
indication for tracheostomy overall was respiratory failure or distress (70%), followed by BPD 
(20%) and subglottic stenosis (16%). However, BPD was an indicator for tracheostomy more 
frequently in the high ventilator (HV) cohort (27%, p = 0.04). The median PIP of the HV group 
was 29.5 cm H2O, PEEP was 8 cm H2O, MAP was 13 cm H2O, pressure support (PS) was 14 cm 
H2O, PS above PEEP was 6 cm H2O, and inspiratory time was 0.65 seconds. Fraction of inspired 
oxygen (FiO2) was a median of 0.32 in the LV cohort and 0.4 in the HV cohort.  Neither FiO2 
nor respiratory rate in breaths per minute were significantly different between groups. 
 
The HV cohort had a higher median age at the time of surgery at 20.6 weeks compared to the 
low vent (LV) group at 9.3 weeks (p = 0.02). The gestational age and weight did not significantly 
differ between groups (p = 0.11, p = 0.60 respectively). Female patients were more likely to have 
high ventilator settings (p = 0.02). Female patients were not significantly older than male patients 
at the time of tracheostomy (p=0.40), and there were no differences weight between female and 
male patients.  Race and ethnicity did not vary significantly between groups.  There were no 
differences observed between cohorts based on incidence of concurrent procedures, pre-
operative pneumonia or pre-operative syndromes. The HV group had a longer median duration 
of intubation at 137 days compared to the LV group at 61 days (p = 0.02). 
 
A Bivona® tight to the shaft™ (Smiths Medical ASD, Inc. Gary, IN) cuffed tracheostomy tube 
was used in all TT procedures regardless of preoperative ventilation pressure. The postoperative 
changes in ventilator settings for each group were recorded (Table 2). The PEEP increased by 1 
cm H2O for the LV group, while the PEEP remained the same for the HV group (p = 0.02). The 
PS did not change on average in the LV group, while the PS increased by 1.5 in the HV group 
(p=0.04). The PS above PEEP decreased by 0.5 cm H2O for the LV group, and increased by 2 
cm H2O for the HV group (p = 0.03). All other ventilator settings did not significantly change 
between groups.  
 
Additionally, evaluation of whether the differences pre- and post-tracheostomy in each group 
differed significantly was performed. None of the ventilator settings changed significantly in the 
LV group. However, changes in ventilator settings pre- and post-tracheostomy were observed in 
the HV group. Median FIO2 was 40 pre-tracheostomy compared to 35 post-tracheostomy 
(p=0.03). Median PS was 14 pre-tracheostomy compared to 10 post-tracheostomy (p=0.01). 
Finally, PS above PEEP was 6 pre-tracheostomy compared to 2 post-tracheostomy (p=0.01).  
 
A thorough review of both operative notes and anesthesia records revealed no intraoperative 
complications in either group. No deaths were observed within the first 7 days of TT placement. 
Pneumonia incidence postoperatively was 18% in the HV cohort and 19% in the LV cohort and 
did not vary between groups (p=0.92). Similarly, the rate of mortality during admission beyond 
the 7-day window of examination was 16% and did not vary between ventilator setting groups 
(p=0.94). The most common cause of death during the admission was respiratory failure (n=3), 
but cardiovascular conditions, trauma, congenital and chromosomal conditions were also 
observed. Long-term mortality was increased in the HV cohort past our window of examination 
with 41% mortality in the HV group and 13% mortality in the low vent group (p=0.04). 
 
Sensitivity analyses among children with extremely high ventilator settings were also conducted 
to assess if differences were more apparent in this group (Table 3).  Twenty-three children (46%) 
had at a PIP, PEEP or MAP at or exceeding the 80th percentile.  We observed no differences in 
mortality during the admission or pneumonia incidence among children at the 80th percentile or 
higher compared to all others (p=0.80 and 0=0.40, respectively). Further, we observed no 
differences in changes in ventilator setting postoperatively in the extremely high ventilator 
settings group, with the exception of postoperative PIP. Children with extremely high ventilator 
settings tended to have an increase in PIP of 1cm H2O one week postop, compared to other 
children who had had a median decrease of 2 cm (p=0.03).  
 
Discussion 
Tracheostomy tube placement is a common procedure performed for premature infants requiring 
respiratory assistance.3 A perceived barrier to performing a tracheostomy is a patient's need for 
HV pressure. It is often assumed that neonates requiring high ventilator pressure will have higher 
complication rates during and after TT placement.4 Previous studies report an increased 
incidence of air leaks with high PIP and MAP (> 12 cm H2O), thus preventing sufficient lung 
expansion.10 Upon thorough literature review, very little further information has been published 
to address the validity of this concern. Drawing upon clinical experience, a particular challenging 
aspect to these cases is maintaining high ventilator pressures during anesthesia with an open 
airway. In an effort to determine if placement of the TT tube is feasible, short-term outcomes of 
tracheostomy tube placement were evaluated for children with LV versus HV pressures.  
 
The analysis of preoperative characteristics show that female patients were more likely to have 
HV settings. After finding no significant differences in age or weight between male and female 
patients, we believe this difference is an artifact of the relatively small numbers in our cohorts.  
Additionally, HV patients had a significantly higher median age at the time of surgery and had a 
longer median duration of intubation. This result is expected for patients with HV settings as it 
inevitably takes longer to wean these patients from support in order to place the tracheostomy 
tube. 
 
Although there were statistical changes in a variety of ventilator settings before and after TT 
placement, we believe that the absolute changes involved are clinically insignificant. Overall, we 
would argue that the relatively small changes in postoperative ventilator support provide 
evidence that placement of TT in patients is both feasible and safe.  
 
The main objective of our study was to examine the short-term outcomes of TT placement in 
ventilator-dependent neonatal ICU patients requiring high ventilator pressures. Within the first 7 
days of TT placement, no groups had intraoperative complications or deaths. Our study therefore 
demonstrates that placement of the tracheostomy, regardless of ventilator pressure, did not result 
in adverse short-term outcomes. Previous studies indicate that children with TT placement are at 
an increased risk for respiratory infections, such as pneumonia, by introducing a new site of 
entry for bacteria into the lower airway.11 To demonstrate that patients requiring HV pressure are 
at no greater risk for pneumonia development in the short-term compared to patients requiring 
LV pressure, we included pneumonia incidence as a major outcome and found no difference 
between groups in pneumonia development. Mortality during admission beyond the 7-day 
window of examination was included after finding very few differences in short-term outcomes. 
Again, mortality during admission did not differ between groups, demonstrating that placement 
of the tracheostomy in patients requiring HV pressure posed no observed risks to patients. 
Therefore, patients requiring HV pressures can undergo TT placement to benefit from reduced 
intubation time, which can reduce the risk of intubation related laryngeal trauma, length of the 
hospital stay and need for sedation.12  
 
Since very few differences were observed between the LV and HV cohorts, sensitivity analyses 
among children with extremely high ventilator (EHV) settings were conducted to determine if 
differences were more apparent in this group. Patients with PIP, PEEP, or MAP exceeding the 
80th percentile still showed no differences in pneumonia incidence or mortality during admission 
compared to all others. Therefore, patients requiring EHV settings were not at increased risk for 
short-term mortality or pneumonia. Additionally, we observed no differences in changes in 
ventilator setting postoperatively in the EHV settings group, with the exception of postoperative 
PIP. Although patients with EHV settings required an increase in PIP, the lack of significant 
changes with all other ventilator settings likely does not suggest that the EHV cohort required 
further dependency on the ventilator.  
 
By demonstrating that placement of a tracheostomy did not lead to increased intraoperative 
complications or death, post-operative pneumonia or mortality during admission, we concluded 
that HV pressure requirements did not pose additional risk for patients. Therefore, the assumed 
barriers associated with placing a TT tube in a patient with HV pressure are not supported by our 
data. Thus, the concern for potential leaks and insufficient lung expansion can be refuted as there 
was no difference in negative short-term outcomes when compared to the LV patients. Instead, 
HV patients can benefit from tracheostomy tube placement to avoid long-term sedation, which 
can lead to cognitive delays.3 The patients benefit from the opportunity to remain awake and 
interact with the environment and caretakers.3 Length of hospital, stay and systemic 
corticosteroid exposure can be decreased with the placement of a TT as well.3,5  
 
The study itself has many limitations. First, being a case series with chart review limits the 
ability to properly gather all data points that could have been recorded. Additionally, the study is 
limited by the relatively small numbers in each cohort. Finally, this study is also limited by being 
conducted at a single pediatric tertiary hospital. Further multicenter, prospective studies can help 
alleviate these limitations.  
 
An increase in long-term mortality past our window of examination for patients requiring HV 
pressure is expected due to the influence of many confounding factors that are not necessarily 
related to the tracheostomy itself. These conditions also might have led to the placement of the 
TT in the first place. However, the tracheostomy might have had adverse effects that led to 
worsening respiratory conditions or infections. More insight to the relationship between 
placement of the tracheostomy and the cause of death must be investigated to show any further 
connection between the two. Lastly, the long-term outcomes will be evaluated in a future study 




With the exception of mild changes in ventilator pressures, few differences in TT placement 
outcomes were observed for children with high ventilator settings compared to low ventilator 
settings.  This data demonstrates that patients requiring HV pressures can benefit from the 
advantages of TT placement with no additional short-term risks.  
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Table 1: Preoperative Characteristics in NICU Infants Undergoing Tracheostomy by Ventilator Settings 
  Total Low High p value 
  
N 
(Median) % (Q1, Q3) 
N 
(Median) % (Q1, Q3) 
N 
(Median) % (Q1, Q3)   
N 50 100% 16 32% 34 68%   
Age (weeks) 17.4 9.3, 26.6 9.3 6.3, 20.5 20.6 13.1, 27.3 0.02 
Vent Settings at the time of trach        
     PIP1 27 23,32 21.5 20, 23.5 29.5 27, 40 <0.0001 
     PEEP2 7 6,8 6 5, 7 8 6, 8 0.01 
     MAP3 11.5 10,15 9 8, 10 13 11, 16 <0.0001 
     FIO24 40 31,50 32 25,41 40 34,60 0.13 
     PS5 13 10,15 10 6,13 14 12,17 0.01 
     PS above PEEP6 6 2, 8 5 0, 6 6 6, 10 0.04 
     Rate Breaths per Minute 25 18,30 30 22.5,30 20 18,30 0.13 
     Inspiratory Time (sec) 0.6 0.4, 0.8 0.4 0.35, 0.475 0.65 0.5, 0.8 0.004 
Gestational age at birth (weeks) 31.5 26,34 33.5 27.5, 36.0 29.5 25, 34 0.11 
Weight at the time of trach (g) 3958 2920, 4710 3956 3047, 4080 4095 2920, 4816 0.60 
Race/Ethnicity       0.08 
     NH7 White 33 66% 10 63% 23 68%  
     NH7 Black 11 22% 2 13% 9 26%   
     Hispanic 1 2% 0 0% 1 3%   
     Other 5 10% 4 25% 1 3%   
Sex       0.02 
     Male 29 58% 13 81% 16 47%  
     Female 21 42% 3 19% 18 53%   
Concurrent procedures        
     None 14 29% 4 25% 10 29% 0.75 
     DLB8 33 66% 11 69% 22 65% 0.78 
     Transection of thyroid isthmus 1 2% 0 0% 1 3% 0.49 
     Flexible Tracheoscopy 3 6% 1 6% 2 6% 0.96 
     Dilation 2 4% 0 0% 2 6% 0.32 
     Nasal endoscopy 2 4% 1 6% 1 3% 0.58 
     Laryngoplasty 1 2% 1 6% 0 0% 0.14 
Pre-operative pneumonia 7 14% 1 6% 6 18% 0.28 
Pre-operative diagnosis        
     Syndromes 8 16% 3 19% 5 15% 0.72 
     Craniofacial Abnormalities 6 12% 3 19% 3 9% 0.31 
     Airway Abnormalities 20 40% 8 50% 12 35% 0.32 
     Pulmonary Conditions 42 84% 12 75% 30 88% 0.23 
     Cardiovascular Conditions 3 6% 0 0% 3 8% 0.29 
     Other Medical Conditions 15 30% 6 38% 9 26% 0.43 
Duration of Intubation (days) 122 65, 186 61 44, 125 137 92, 191 0.02 
 
 
1 peak inspiratory pressure 
2 positive end-expiratory pressure 
3 mean airway pressure 
4 fraction of inspired oxygen 
5 pressure support 
6 pressure support above positive end-expiratory pressure 
7 non-Hispanic 





Table 2: Outcomes of Tracheostomy by Ventilator Settings 













(Q1, Q3)   
N 50 100% 16 32% 34 68%   
Mortality (during admission) 8 16% 2 13% 6 18% 0.94 
Mortality (ever) 16 32% 2 13% 14 41% 0.04 
Intraoperative complications 0 0% 0 0% 0 0% N/A 
Changes in ventilatory settings         
PIP9 -1 -4.0, 2.5 -1.5 -4.0, 1.0 0 -3.0, 3.0 0.53 
PEEP10 0 0, 0.5 1 0, 2.0 0 0, 0 0.02 
MAP11 -0.5 -2.0, 0 -0.5 -2.0, 0 -0.50 -2.0, 0.5 0.61 
FIO212 10 -3.0, 16.0 5 3.0, 16.0 12 -3.0, 15.0 0.81 
PS13 0 0, 4.5 0 -1.0, 0 1.5 0, 7.0 0.04 
PS above PEEP14 0 0, 5 -0.5 -1.5, 0 2.0 0, 7.0 0.03 
Rate Breaths per Minute 0 0, 5.0 3.0 0, 7.5 0 -2.0, 4.0 0.22 
Inspiratory Time (sec) 0 0, 0 0 -0.05, 0 0 0, 0 0.29 






9 peak inspiratory pressure 
10 positive end-expiratory pressure 
11 mean airway pressure 
12 fraction of inspired oxygen 
13 pressure support 








Table 3: Outcomes of Tracheostomy by Extremely High Ventilator Settings 













(Q1, Q3)   
N 50 100% 27 54% 23 46%   
Mortality (during admission) 8 16% 4 15% 4 17% 0.80 
Mortality (ever) 16 32% 6 22% 10 43% 0.11 
Intraoperative complications 0 0% 0 0% 0 0% N/A 
Changes in ventilatory settings         
PIP15 -1 -4.0, 2.5 -2 -5.0, 2.0 1.0 -1.0, 3.0 0.03 
PEEP16 0 0, 0.5 0 -1.0, 0 0 0, 1.0 0.11 
MAP17 -0.5 -2.0, 0 0 -2.0, 0 -1.0 -2.0, 1.0 0.39 
FIO218 10 -3.0, 16.0 13.5 3.0, 52.0 5.0 -3.0, 13.0 0.14 
PS19 0 0, 4.5 0 0, 3.0 0 0, 8.0 0.48 
PS above PEEP20 0 0, 5 1.0 0, 4.0 0 0, 8.0 0.87 
Rate Breaths per Minute 0 0, 5.0 0 0, 7.5 0 -2.0, 4.0 0.42 
Inspiratory Time (sec) 0 0, 0 0 -0.05, 0 0 0, 0.05 0.09 




15 peak inspiratory pressure 
16 positive end-expiratory pressure 
17 mean airway pressure 
18 fraction of inspired oxygen 
19 pressure support 
20 pressure support above positive end-expiratory pressure 
